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JPL Encapsulation Task (Inception: 1975)
• ipl_
_1_{'.... OVERALLEOAL: . PROI_TIONOFELECTRICALPOWER
FRONPHOTOVOLTAIC$_ITIVE
WITHCOMMERCIALPOWERSOURCES
o TARGET:$0.70PERPEAKWATT
(1980 DOLLARS)
WHYENCAPSULATION?
e MECHANICALSUPPORT-- PREVENTCELLBREAKAGE
e THERMALCONDUCTION-- DISSIPATEHEAT
. ENVIRONMENTAL -- PREVENTCORROSION
PROTECTION
e PACKAGING/ _ TRANSPORTATION
HANDLING FIELI;DEPLOYMENT
- OF MODULES
t
Performance Requirements
f
I
e SERVICELIFE 30 YEARS
. LIGHTTRAN_II_IONTO SOLARCELLS >90% OFINCIDENT
. IOSSIN MODULE.POkERAFTER30 YEARS<10% OFINITIAL i
• PROCESSINGANDFABRICATION AUTOMATED
l STRUCTURALPERFORJ'WICE NOFAILURES ,'
(INCLUDIN6HANDLINGANDWEATHERING)
• MUSTCOHFO_TO COS1GOALS
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'_ ,_ PLENARY SESSIONS
i Encapsulation Cost Goals
"- , • $ 0.70,/_1,,K X 10 _/FT2 ,, ]F.Z.,O0/F]"2
/,
ALLO_',IA_LE J OTAL MODUL_ COST
SOLARCELLS ULATIONCOST:
, $5,60 / FT2 (RAW_TERIA_2OMLY)"- $I._ I
_C'_ zoF
s/e2 $,,rr2
ENCAPSULATIONSYSTEM 20 lq
• 1980$
I
- o COSTNOWSERVE])ASDRIVERFORSELECTION I
• OFMATERIALS '
• NEEDTORBEFINENCAPSULATIONREOUIP,BEHTS
• WHAT£.OI_ONENTSARENEEDED?
• WHATRUSTI_TERIALSDO?
• DOESENCAPSULATIONPACKA6ER El"BOTH
COSTANDPEI_-OI_ANCEREOUI_S ?
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PLENARY SESSIONS
Early EncapsulationSystems
TWOSCHOOLSOFTHOUGHT:
A. POUILe_BLESYRUPS ,i
B. DRYFILMLkHINATION
APPROACHES
COMPONENTS DEFICIENCES
o SILICON[:LIQUIDS --7 MIXING_ PUMPING
VERYHIgHCOST($12/ _) j UNPREI}ICT_Ir/IJ}HESION
(CASTINGSYRUP) LONGCURETIRES
BUBBLENTRAPMENT
• URETH,'NELIQUIDS MOISTURES NSITIVE
(CASTINGSYRUP) YELLOWIHGWITHAGE
¢ POLYVINYLBIJTYRAL(PV8) SPECIALIZE])STORAGE
(LAMINATIONFILM) DIFFICULTPROCESS- AUTOCLAVE
LONGLAMINATIONTIFES
MODERA.1T_COST
• SIJBSTRATES: HIGHTHERMALEXPANSIONS
FIBERGLASS,ALUMINUH HIGHMOISTUREE_'PANSION
HIGHCOST
e INDUSTRIALPROCESSING NOTCONSIDEREDATTHISTIME
e OVERALLPERFOIgWlEEQI STIONAB_?
• MAJOROBJECTION."CANNOT_ F_ COSTGOALS• !
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._ PLENARY SESSIONS
_ ! Module Construction Elements
::.
: ' DESIGNATION FUflCTION
• I
4
, SURFACE e LOWSOILING
_. _- (1) MATERIAL e EASYCLEANING
: / (2) TREAT_I(T o ANTIREFLECTIVE"-' • BRASIONRESlSTN;T
. --, ,,, _ FRONTCOVER • UVSCP,EF,.I(ING
!._.{ e STRUCTURAL
., I.,-i_=lt/_-I Porr_ ' P_TECT,mPRmA_eU.
o OPTIf..M._ING
---_'------' _ POROUSSPACER e AIR
e MECHAMCALSEPARATION
_/////////////'/JlS_T_TE , STRUCTURAL
, , _ACKCOVER e MECHANICALPROTECTION
, --t o I_.ATHERBARRIER
" : _ e HEATEMITrER
,-_l(E_r& SEAL t E])_SF.N.ING
• ADHESIVESANDPRIMERSWHEIEREQUIRE])
- • NOTEs1_ DESIGNS- SImS_T_ORSUP£RSTRATE
ONt:FONESTRUCTURALCO_O_..BIT
RI_ULEFABRICATIONTECHNIQUES
. (1) SHEETLABIRATIONMETHOD
E'_) LIQUIDCASTINGMETHOD
e GOAL: II)EJTI_¢OST-EF_L'TIVE_RI_ ANDP_E_
/
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' PLENARY SESSIONS
•, • Pottant Development
e POTTANTISTHEHEARTOFTHEEHCSPSULATIONPACKAGZ-
RECEIVE])GREATESTF.R_HASIS
" o REQUIREPENTS:
, • OFTICALTRANSPARENCY
_,' • LOWPELTINGPOINT
• ELECTRICALINSULATION
/. o RtB_RY( I._ MODULUS)
, ,oCELLBRFJUt
, RESISTANTTOFLOWIN SERVICE
m SUITABLEFORAUTOMATE])PRODUCTION(HIGHVOLEE)
s COSTEFFECTIVE
e THESEPROPERTIESFOUNDINTRANSPARENT"ELASTOPI_RS"
e PROBLER- LOWCOSTPOL_RS PIAYHAVEDEFICIENCIES:
, HEAT(OXID_'I'ION)SENSITIV;','Y
e LIGHT( ULTRAVIOLET) SENSITIVITY
e HATER(HYDROLYSIS)SENSITWITY
• ALLTP_J_SPARENT" I.,t.STO_RS"URVEYE_TOSELECTCOIgJ_JilD
WITH_SIR_ PROPERTIESANDABILITYTOBESTABILIZED
_ WITHADDITIVES- IMPARTENVIRONPENTAI.S BILITY
V,
:, CurrentCandidates
COST
,: A. I_INATIONFII.RS:
: ETHYLENEVINYLACETATE( VA) $ 0._/I.B
ETHYLENER THYLACRYLATE(ERA) $ 0.95/ I..B
B. CASI!N6 LIQUIDS:
POLYN-BUTYLACRY_TE (BA) S 1.OOlLB
ALIPHATICPOLYURETHANE(PU) $ 3.bOl
j,,,..,P
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"I_ PLENARY SESSIONS
Development of EVA Pottant
:_ EVABESTOVERALLCHOICE:
' LqHYLENEVINYL ACETATEPOLYMERS(EVA)
_ fIEF[CIENC[ES
MANYGRA3ESAVAILABLE THERMOPLASTIC(NOCREEP
OXIDATION(HEAT) STABLE RESISTA_(CE)
?
HYDROLYSIS(WATER) STABLE ULT_VIOLETSENSITIVE
_ WIDERAI_GEOFVISCOSITY
F.ASYTOPROCESS
LOWCOST
GO(O}_HESIVEPROff_IES
| i
o _oUI.EFABRI_T!OhGRADEDEVELOPEDDESIGNATION:_A A9918
o CONTA!_SCURINGABBTSANDSTABILIZERS
: t DEFICIENCIESSUCCESSFULLYCORRECTED
Properties/BenefitsEVA A-9918
- o MOCOLDSTORAGEREQUIREO
" • HI_ TRNISPAREHCY
; • DIPIENSIONALST_ILI_
: • GOODFLOWAlII)VOLIR'TRICFill
• FASTCURE($4].10/FI2 IN VOLUME)
- • FJkSYLANIMIIDlt(HODUIEPROCESSING)
/
e EXCELLEN1EIIVIRONMENTALS BILITY,
• L_ COST
-'. • PRODUCEDASROLLSOFFILM :
-J/
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PLENARY SESSIONS
; Other Candidate Encapsulation Materials
Q_
;- STRUCTURALCOMPONENTS:
: SUPERSTRATE: LO_.D-BEARINGTOPSURFACE
' • TE_EP,EI)LOW-IRONFLOATGLASS118"THICK $0.75/Fl"2
.. SU_STRATES:LOAD-BEARINGU DERSURFACE
," • COLDROLLEDMILDSTEEL,28CA. $0,26/FT2
_f.I • WOODHARDBOARDS,i/8"THICK $0.14/FT2
(NOt'E: THESE PU_TERIAL$REQUIRE ADDITION(_I. Te_EAT-
" MENT FOR ENVIRONMENTALSTAmlLITY)
POROUSSPACER:VACUUMEVACUATION,MECHANICALSPACING
ANDELECTRICALISOLATION
- • CgANEGLAS2:30NON-WOVENGLASSMAT $0.02/Fl"2
OUTERCOVERS:_CHANICAJ.P_TECTION,SOILRESISTANT,
IIVSCREENING
o ACRYLARX-22_7 (3MCORP.) $0.07IF[2
• TEI)LARIOOBr_3OUI"(DUPONT) $0.10IFT2
• TEI)LAR4001W;2OSE(1)UPONT) $0.1;0/FT2
• FEPFILM, 2 MILTHICK $0.20/FT2
- (NON-SCREENING,, OUTSTANDING t_EATHERAI}ILITY
HIGH TRANSPARENCY, OPTICAL COUPLING)
• AII PRICES JUtE FOR VOLUMEPRODUCTION
.>
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,_ PLENARY SESSIONS ':
F
" _ Other CandidateEncapsulationMaterials (Cont'd)t!
,-_ BACKCOVERFILMS: MECHANICALPROTECTION,ELECTRICAL
ISOLATION,ANDHEATREFLECTION
" • TEDLAR1.50BS_YWR.(DUPONT) $ 0.13/FT2
e TEDLAR200BL2OWH(DUPONT) $ 0.16/FT2
• SCOTCHPAR20CPWHITE(3M) $ 0.12/FT2
• KORAD63000WHITE(XCELCORP) $ 0.09/FT2
II_ GASKETS& SEAI./*NTS: EDGEPROTECTION
• EPDM6ASI(ET(E-633,PAWLINGRUBBERCO) °
• : • BUTYLTAPE( 535%_ CORP) °
: -_-- OTHERS_-
" • VARIES WITH PERIHETER
ADHESIVES/ PRIMERS:
• PRIMERSIDENTIFIEDFORALMOSTALLINTERFACES
• HIGHDURAE,ILITYANDLOWCOST(,,,$0.02IFT2)
• SELF- PRIMINGCRADEOFEVADEVELOPED
/i
-!
[ EVA BondStrengths, Pound/Inchof Width
2 WK 2 HR
MATERIALS CONTROL IR_'RSION BOILINGWATER
- sunAIxT.XGLASS _.8 30.0 32.3
/
"-- WIIU)OW6UL% 39.6 37.9 27.1
, WINDOWGLASS 35.4 ql.9 COHESIVE(SELF-PRIMINGEVA)
-/
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/ " PLENARYSESSIONS
Anti-Soiling Treatments
SURFACE:ACRYLAR IMPROVEMENT3.9%
_ | • • , , , i i 1 , i AI i ,
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• _ PLENARY SESSIONS
f
' _. Aging and Lifetime Predictionsi
> • HOWLONGWill_S LAST?
• NEWACCELERATED_I_ TECHNIQUED VELOPED:
" OUTDOORPHOTOTHEI_'IALREACTOR(OPI_AR)
•• • COPIBINESNATURALLIGHTANDHEAT
_l{t,,, Severity Index
TIPETODEGRADATION- EVA9918
OPTAR900
OPTAR70°
RS/4 850 ....
IIII
: 1,000 10,000
LOGTIrE( HOURS)
\
s
:. • OPTARS_ST EFFICIENTAGINGTECHNIQUE
_ , PIO[WJLESNA_ VERYHI_ BDUIWlE
/ NOEFFECT"20,00(;NI_ - 70°C/ SUNLIGHT
_" LITTLEEFFECT:_,000 HRS- 90°C/ SU,3LIGHT
• STRONGEFFECT:20,000HP_- 105°CISUNLIGHT
• DEGP,A]}£I)PIODULE$SHOWNOPOWERLOSS
• ENCAPSULATIONSYSTEMWORKSWELL
LIFEPROGNOSIS• GOODI
I, PLENARY SESSIONS
• Module Fabrication OFPOOR0UALffY
• VACU_LAMINATION- I_:THODOFCHOICE
.4
VACUL_ GAUGII _ v,*.CUu_* r._4UGi
NJ[_J)LAIIOM V,_._ M|_*_JI.All0M V_l._
• 6. towJn _Kitv _PIIm O_l'Y
¢L_$CIWS lq_ COV_R AS_[.?. l/S_ON| I_JBllEMG
• RELATIVELYSII_',.EEQUIPI_.NT
• DRYFILMS- NOLIQUIDS
• ALLCOMPONENTSASSF._LEDINONESTEP
o FASTCYCLETIMES
• AUTOMATION/ HIGHVOLUI'E_SSIBLE
• COS1EFFFCTIVE
1
: , LAMINATORSCO_I_ERCIALLYVAILABLE
( SPII_ r.O_ORATION)
/
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' PLENARY SESSIONS
, !
" Current Status
HOWCLOSEDIDWECOME?
4
"TYPICAL"MODULE VOLUMECOST,$/FT2
J
: LOWIRONGLASS 0.75
EVA(TWO_YERS) 0.20
POROUSSPACER 0.02
': PRIMERS/ _HESIVES 0.02
"'li_m{_,:'_ _CK COWER(TEDLAR) 0.16
GASKET/ SEAL(EST.) 0.15
$ 1.30 / FT2
e I_4JORF..NCAoSU_TIONC_E I'S DEVELOPED/
IDENTIFIEDANDCOf_VERCIAU.YVAILABLE
e EVAPOIfANTFILM- WIDEINDUSTRIALCCEPTANCE
e VIABLEI_e_IUFACI'URINGPROCESSIDENTIFIED
e FIELDPERFORMANCE-VERYPRAISING
Remaining Efforts j
=
t: e LIFETI_ANALYSIS• I)EVEL_P _RIFY |
_ PREDICTIVEAGINGMETHODS _.
1 "
Summary ,_
FSAPRO6RAMHASREgJLiEI)IN HISH
PERFORMANCECOST-EFFECTIVEENCAP-
SULATIONSYSTEMSFORPHOTOVOLTAIC
MOI)LILES !
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